ABSTRACT
INTRODUCTION
T he current training methods in many sports are strongly infl uenced by cybernetics and cognitive theories. The traditional approach of training assumes that the athlete has to know in advance the right or correct movement and try to reproduce it through repetition. The repetitions should provide a basis for creation of fixed responses in a form of motor programs, stereotypes or motor representations which should guide the adaptive behaviour of an athlete. This model is clearly evident in many individual sports, where the situations during competition are apparently always repeated, as in aerobic gymnastics. For many coaches, repetition of exercises is the way to achieve automation. However such relying on the fixed learned responses as a theoretical explanation can not account for the obvious fl exibility of motor actions of expert sport performers. Dynamical systems theory gives an original perspective on how these, at fi rst glance, contradictory characteristics of the expert performers, namely stability and fl exibility, can be attained. New training proposals based on the concept of self-organisation and the individuality of motor actions emerge from this perspective.
The differential training approach (Schöllhorn, 1999) with a different understanding of variability in practice has been compared with traditional methods in many sports (Jaitner, Pfeiffer, 2003; Schönherr, Schöllhorn, 2003; Trockel, Schöllhorn, 2003) . Differential training attempts to learn from differences of the motor patterns and claims to prepare the athlete to adapt better to new situations in a shorter time. It can offer a new way of generating changes in coordination, modifying the intrinsic dynamics of the system and providing a new set of experiences for discovering the fi nal response.
The new approaches claim for alternative methods and tools able to capture the qualitative changes produced in motor actions. The nonlinear dynamics framework offers the chance to study such changes and allows the emergence of new ways of optimizing the training process.
The scarce available literature in aerobic gymnastics analyse the muscular and metabolic demands of the sport (Torrents et al., 1999; López et al., 2002) concluding that maximum and mainly explosive strength are the main conditional capacities. Different authors have observed that repetition of analytic exercises is the main approach used to improve performance (Torrents, Balagué, 2001; Gutiérrez, 2002) .
In order to study the possibilities of differential training applied to aerobic gymnastics, we analyze the interaction between load and performance, using a linear tool of analysis and a nonlinear one, the PerPot metamodel (Perl, 2001 (Perl, , 2004 , as well as a quantitative and a qualitative way to measure the load applied to the athletes.
The aim of the study was a) to compare the classical approach, based on repetitions, with differential training for the improvement of specifi c diffi culty elements of aerobic gymnastics in which muscular strength is a determinant factor; and b) to observe the differences of a linear and a nonlinear tool for analyzing the interaction between load and performance using two different ways of quantifying load.
MATERIAL AND METHODS
Subjects. Two female gymnasts of national standard, 20 (52 kg; 1.53 m) and 21 years old (55 kg; 1.60 m) took part in the study and were measured daily during a period of 18 weeks. Accurate control of load and performance parameters was carried out for the case study.
Procedures. Training protocol. The gymnasts trained for 3 hours a day, 6 times a week. Each session was divided in two groups of strength exercises: upper body exercises (related to push-ups) and lower body exercises (related to jumps).
The full training period was divided into 3 sub-periods: 1) 5 weeks of traditional training (TTa), based on high number of repetitions of the same exercises oriented towards getting the correct technique; 2) 8 weeks of differential training (DT) based on varied exercises, as has been already described; 3) 5 weeks of traditional training (TTb), similar to the 1 st sub-period. The load was determined weekly during the whole training period to study its interaction with performance. It was calculated in two ways: • "Qualitative load" is defi ned as the number of different exercises performed.
Testing protocols. Performance was evaluated weekly by means of 6 tests (3 of them evaluating the upper body strength with one-arm push-ups and 3 evaluating the lower body strength with jumps):
• One-arm push-ups: performed with the right arm, with the left arm and hinge push-ups. The positions and the required degrees of bending were previously fi xed to defi ne valid trials. Subjects had 4 sec to perform a complete push-up and they were asked to do it as fast as possible. The absolute time of execution (flexion and extension movement until recovering the starting position) was evaluated. As the decrease in the execution time will correspond to an increase in the performance, -4 was added to the result of each test to make lower values correspond to worse performance and higher values to better performance.
• Jumps: Leap jump (jump performing a splitsagittal plane -in the air), straddle jump (jump opening legs in the frontal plane) and half turn straddle jump (straddle jump performed after turning 180º in the air), respecting technical requirements, were performed. Subjects stood off the platform and made a falling step with feet together on to the platform. They had then to perform the jump falling with both feet together and at the same time. The fl ight time of each jump was measured. One gymnast performed only the leap jump because of choreography requirements.
After a standardized 20 min warm-up, the gymnasts repeated each test three times and the best of them was chosen for the analysis.
A Dynascan-IBV 7.0 force platform was used for collecting the force applied at 500 Hz from one arm in the push-ups and from both legs during the jump movements. The sessions were recorded with an 8 mm video camera.
Data analysis. The PerPot metamodel version 4 was used to study the non-linear interaction between the load and performance. The basic concept of the PerPot metamodel is that of antagonism: each load impulse feeds a strain potential as well as a response potential. These buffer potentials in turn infl uence the performance potential, where the response potential raises the performance potential and the strain potential reduces the performance potential with a certain delay. The relation between the delays specifi es the performance profi le. As potential capacities are limited, potential overfl ows can occur and a reserve profi le (difference between strain potential capacity and current strain level) is defined, indicating how close the body is to collapse.
To introduce the load and performance data into the Perpot metamodel, it is normalized to a maximum of 1. Cross correlations were also calculated to determine delayed effects between the load and performance.
RESULTS
One-arm push-ups. Table 1 shows the mean value of the quantitative and qualitative load and the differences between the initial and fi nal performance test values for the push-ups in the 3 training sub-periods in both subjects.
The quantitative load decreased by 22% (subject 1) and by 17% (subject 2) between the TTa and DT sub-periods and by 19% and 21%, respectively between the DT and TTb sub-periods. In contrast, qualitative load increased by 82% and 79%, respectively, between the TTa and DT subperiods and decreases by 87% and 82%, respectively, between the DT and TTb sub-periods. Subject 1's performance increased during the TTa sub-period, evaluated by means of the rightarm and hinge push-ups (0.34 and 0.562 sec, respectively), and decreased in the left-arm test (0.19 sec). During the DT sub-period, it increased by 0.56, 0.403 and 0.44 sec in right-arm, left-arm and hinge push-up, respectively in all tests and remained rather constant during the TTb sub-period. Subject 2's performance decreased in the TTa sub-period (0.18, 0.133 and 0.228 sec respectively for the three push-up tests), increased in the DT sub-period for the push-ups with right and left arm (0.306 and 0.52 sec, respectively), while it reduced slightly in the hinge push-up test (0.027 sec). In the TTb sub-period, it increased in the left-arm and hinge push-ups (0.447 and 0.266 sec, respectively) while in the right-arm push-up it remained rather constant.
Both subjects' performance improved more in the DT sub-period than in TTa and TTb. These load-performance interaction results did not consider the delayed effects of load on performance. For this reason, the analyses using the PerPot metamodel and the cross correlation function were applied.
In Fig. 1 , the relationship between the performance curve for the right-arm push-up and the quantitative load curve for Subject 1 is shown, using the PerPot metamodel. In Fig. 2 , the same relationship is shown using the cross correlation analysis. It was observed that performance increased in the TTa and DT sub-periods, although there was a negative correlation with quantitative load. On the other hand, PerPot detected a positive relationship between delays, as the delay in response was greater than the delay in strain. Fig. 3 and Fig. 4 show the relationship between qualitative load and performance using the PerPot metamodel and cross correlation analysis. PerPot detected a negative relationship between delays, as the strain delay was greater than the response delay.
Cross correlation analysis showed no significant positive correlation between qualitative load and performance.
Similar results using the PerPot Metamodel were obtained from data from one left-arm pushup and hinge push-up in the same subject. Nevertheless, hinge push-ups underwent a greater change, probably due to the worse initial execution level, as it was a new element for the subjects (see Fig. 5 and 6 ). Cross correlation analysis showed no signifi cant results, either. Positive correlation occured only when qualitative load and performance correlated.
The reserve profi le showed similar behaviour in the three push-up exercises. It was positive when the quantitative load was used. On the other hand, an overfl ow was observed when using qu- bject 2. Similar relationships as in Subject 1 were observed between time delays. In this case PerPot also proposed a reduction in qualitative load in the right arm (45.5%) and left arm (18%) push-ups. Cross correlation analysis indicated similar behaviour for Subject 1; positive but not significant correlations was found only between performance and qualitative load.
Jumps. Table 3 shows the mean quantitative and qualitative load values and performance values for each sub-period in both subjects for jumping tests. Performance had not changed signifi cantly in the 18 weeks of training despite the changes in load in the different sub-periods. 
DISCUSSION
Two subjects were studied following a singlesubject analysis design to compare the effectiveness of differential training with traditional training (Bates et al., 2004 systems theory than the classical experimental models. The individual adaptive response to training, the dependency on initial conditions and the constant interaction of the gymnasts with the environment are better respected in a single-subject analysis design, rather than averaging data among a sample (Stergiou, 2004) and misrepresenting individual time series (Bouffard, 1993) . Moreover, we have replicated the study over two subjects, observing surprising similarities in the behaviour of both of them. This can establish greater validity and generality for results, at least with a population of similar characteristics to the two we have used.
According to the results, the second sub-period, corresponding to the differential training, shows greater improvements in performance evaluated by means of arm push-up tests in both subjects. These results are especially notable in Subject 1, who had worse results in the initial tests. During this DT period, the quantitative load, calculated by the equation quoted including parameters of volume and intensity, decreased, while qualitative load, expressed by the number of different exercises, increased.
The high variability observed when comparing the results of each test session during all the training periods suggests the need to use periodic tests and the analysis of time series instead of the classical comparison between initial and fi nal tests.
Considering these results, we can conclude that the differential training method produces greater increases in performance than the classical strength training method based on repetition of the same movements. Similar results have been found comparing the differential training and learning approach with traditional methods in groups of subjects (Jaitner, Pfeiffer, 2003; Schönherr, Schöllhorn, 2003; Trockel, Schöllhorn, 2003) . However, these results do not take into account the delayed effects of load on performance, the duration of the different periods, and the natural physiological adaptation processes of the body, presenting delays in response.
The relationship between load and performance using the same data is also analyzed by means of the PerPot metamodel. PerPot detects a better relationship between quantitative load and performance than between qualitative load and performance. Overall, it considers that the quantitative load has been adequate for both subjects. In contrast, it considers that the amount of variations has been excessive and proposes a reduction in the number of variations to prevent overtraining. This response is probably due to the great difference between the numbers of variations proposed in the period of differential training compared to the other two peri- (McKenzie, 1999) . For this reason the PerPot detects that qualitative load produces a delay of strain compared to the delay of response. This result did not appear in other studies using the PerPot, probably because load was only evaluated quantitatively (Mester et al., 2000) . These results would suggest that an excess of coordinative demands can bring the subject to a state of overtraining.
The same data are also analyzed using cross correlations. In this case, the increase in quantitative load correlates negatively with the increase in performance in the three push-up tests and in both subjects. This analysis shows that the subjects' performance increases more when the training load decreases. In contrast, when load is evaluated qualitatively there are positive correlations between load and performance, showing that the increase in variations increases performance. The fi rst subject shows positive correlations between qualitative load and performance, with a delay of three weeks in the right-arm push-up test and with any delay for the other two arm push-up exercises. Subject 2 shows a similar behaviour as Subject 1, and, despite the lower and non-signifi cant correlations, it is observed that the positive correlation only appears when the load is considered qualitatively. A conclusion is that both subjects respond better to an increase in the variation of training stimulus than to an increase in the number of repetitions. It is important to point out that the load was the same in both forms, the only difference was the way of calculating it (quantitatively or qualitatively).
Regarding jumping tests, the performance of both subjects has remained constant. In Subject 2, a decrease in performance is even observed. This result obscures any clear conclusion about the comparison of both types of training or about the type of load quantifi cation that correlates better with performance.
In beginners, four months of training are possibly enough to improve fl ight time signifi cantly in all types of jumps. However, experienced gymnasts would probably need a different variable for measuring performance. It is possible that the athletes had already reached their limits, that the training applied has not been adequate or that the variable used for its evaluation (fl ight time) is not sensitive enough.
CONCLUSION
Differential training has led to a greater increase in performance in both subjects than traditional training based on repetitions. The increase in load quantifi ed considering the number of variations correlates positively with the increase in performance, while the increase in load quantifi ed through the volume and intensity of the exercises correlates negatively. It has also been observed that the different ways of quantifying load and the different analysis tools can affect the results of the study. The performance is rather variable over the whole period, suggesting that time series analysis is more useful than discrete tests. The number of variations proposed in this study has probably been excessive and same results could be reached by reducing the number of exercises or combining traditional and differential training during the second (DT) sub-period of the study. The effectiveness of this combined training should be further investigated; it would be especially interesting to know when it is more benefi cial to apply each type of training. In this context, it would be very helpful to identify a sensitive variable providing information on the state of the athlete in relation to the stability of the process.
